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Abstract – Introduction. The preliminary study of the post-harvest quality of the fruit from strawberry cultivars
in a new growing region is necessary for both farmers and consumers. The objective of the present study was to
evaluate strawberry cultivars at different harvest times with regard to fruit quality aiming at the selection of possible
parents for breeding programs for cultivation in the tropical humid conditions of the city Datas, in Minas Gerais State
(Brazil), and in other regions with similar soil-climatic conditions. Materials and methods. The strawberry fields
were cultivated on the Mape Frutas Farm, located in the city of Datas-MG. Eight cultivars (‘Aromas’, ‘Camarosa’,
‘Campinas’, ‘Diamante’, ‘Dover’, ‘Festival’, ‘Oso Grande’, and ‘Toyonoka’) were assessed in a randomized block
design with a split-plot in time. Four replicates and three harvest times (June, August, and October 2012) were evaluated.
Fruit from the different cultivars were analyzed for their physicochemical and antioxidant properties. Results and
discussion. There was a genetic variability and the predominance of genetic factors over environmental effects for
the evaluated traits. Fruits harvested at the end of the crop cycle (October) had the highest levels of total reducing
sugars, vitamin C, phenols, anthocyanins, carotenoids, soluble solids, and total antioxidant activity. Cultivars Camarosa,
Festival, and Toyonoka showed better fruit quality. Conclusion. Based on the genetic dissimilarity and fruit quality, the
cross between ‘Toyonoka’ and ‘Camarosa’ or ‘Festival’ is indicated for the genetic improvement of strawberry in the
region and other places with similar soil-climatic conditions.
Keywords: Brazil / strawberry / Fragaria × ananassa / plant breeding / fruit quality / genetic trait / nutritional value
Résumé – Qualité des fraises cultivées dans les conditions tropicales humides du Brésil pour les programmes de
sélection. Introduction. L’étude préliminaire de la qualité post-récolte des fruits du fraisier dans une nouvelle région
de culture est une étape indispensable tant pour les agriculteurs que pour les consommateurs. L’objectif de la présente
étude était d’évaluer les cultivars de fraisier à différents moments de la récolte sur des critères de qualité des fruits dans
un but de sélection des parents potentiels dans des programmes de sélection pour la production de fraises dans les condi-
tions tropicales humides de Datas, au Minas Gerais (Brésil) et dans d’autres régions aux conditions pédo-climatiques
similaires. Matériel et méthodes. Les parcelles de fraisiers ont été cultivées sur le domaine de Mape Frutas Farm,
situé sur la commune de Datas-MG. Huit cultivars (« Aromas », « Camarosa », « Campinas », « Diamante », « Dover »,
« Festival », « Oso Grande » et « Toyonaka ») ont été évalués dans un dispositif de split-plot en blocs randomisés. Les
données de quatre répétitions sur trois dates de récolte (juin, août et octobre 2012) ont été évaluées. Les fruits des
différents cultivars ont été analysés pour leur qualité physico-chimique et leurs propriétés anti-oxydantes. Résultats et
discussion. Nous avons relevé une variabilité et une prédominance des facteurs génétiques sur les effets environnemen-
taux pour les paramètres évalués. Les fruits récoltés en fin de cycle de production (octobre) ont présenté les plus fortes
teneurs en sucres réducteurs totaux, en vitamine C, en polyphénols, anthocyanes, caroténoïdes, matières solubles, et les
plus fortes activités anti-oxydantes totales. Les cultivars Camarosa, Festival, et Toyonoka ont présenté une meilleure
qualité des fruits. Conclusion. Sur la base de la dissemblance génétique et de la qualité des fruits, un croisement entre
« Toyonoka » et « Camarosa » ou « Festival » nous paraît indiqué pour l’amélioration génétique du fraisier dans la région
de Datas et d’autres sites aux conditions pédo-climatiques similaires.
Mots clés : Brésil / fraisier / Fragaria × ananassa / amélioration des plantes / qualité du fruit / critère de sélection /
valeur nutritionnelle
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1 Introduction
The strawberry is appreciated in the world for its attractive
sensory traits such as intense bright red color, agreeable odor,
soft texture, and flavor, which please the consumer [1]. The
flavor comes mainly from the balance between sugars and or-
ganic acids. The sweetness and acidity are, by standard, mea-
sured in ◦Brix and titratable acidity, respectively [2].
The importance of nutritional properties of fruits has in-
creased both in breeding programs and in productive sys-
tems [1, 3]. The strawberry is part of a balanced diet; it is a
source of vitamins and minerals essential for a healthy life.
The strawberry contains substances with antioxidant proper-
ties that are related to reduction of the incidence of chronic
diseases, e.g., cardiovascular diseases and certain types of can-
cer [1, 4, 5]. Among these antioxidants are vitamin C and sev-
eral phenolic compounds, most of which are represented by
flavonoids, mainly anthocyanin and carotenoids [4, 6].
The antioxidant activity of fruit has long been considered
a mechanism of action in inhibiting mutagenesis and can-
cer initiation through the ability of eliminating reactive oxy-
gen species and decreasing oxidative DNA damage [7]. The
antioxidants depend on the genetic background, and environ-
mental conditions that play an important role in strawberry
characteristics, because the content of micronutrients and phy-
tochemicals may greatly vary from cultivar to cultivar and de-
pend on cultural practices [1, 8].
In Brazil, strawberry production is distributed across tem-
perate and subtropical regions where it is used both for fresh
and industrial consumption [9]. In the city of Datas, Minas
Gerais State (Brazil), strawberry farming began in 2005 and
has played an important socio-economic role, mainly because
of the increased income of small farms and the establishment
of workers in rural areas, since much manual labor is required
during the harvest season. The climate of this region is classi-
fied by the Köppen system as a tropical humid Aw type. Minas
Gerais producers have been using protected cultivation to in-
crease production and protection against winds, rain, low tem-
peratures, and pests [10].
Thus, it is important to evaluate genotypes in terms of nu-
tritional properties, as this makes it possible to determine supe-
rior individuals for cultivation in this region and in others with
similar soil-climatic conditions. Besides, the evaluation of cul-
tivars can indicate possible parents for breeding programs and
allow studies that indicate more suitable breeding strategies for
this crop [3,6]. Some noteworthy examples of such studies are
genetic dissimilarity and genetic parameters like the coefficient
of genotypic determination, coefficient of genotypic variation,
and correlations [11].
The objective of the present study was to analyze culti-
vars of strawberry at different harvest times with regard to fruit
quality aiming to choose the best parents for breeding pro-
grams and for cultivation in the tropical conditions of Datas-
MG, Brazil.
2 Materials and methods
2.1 Plant material
The stock plants of eight strawberry cultivars (‘Aromas’,
‘Camarosa’, ‘Campinas’, ‘Diamante’, ‘Dover’, ‘Festival’,
‘Oso Grande’, and ‘Toyonoka’) were donated by Multiplanta
Biotecnologia Vegetal Ltd, a company that develops tissue cul-
ture process. Stock plants were multiplied and strawberry cul-
tivars were grown at the Mape Frutas Ltd company, located
in Datas-MG (Brazil) (18◦26′ S latitude, 43◦39′ W longitude,
1,244 m altitude) where the climate is classified by the Köppen
system as a tropical humid Aw type, with a dry season in the
winter and rainy season in the summer, and the soil is classified
as a Psamment (USS soil taxonomy comparison).
The eight cultivars were evaluated over four replicates.
Experimental plots contained 18 plants arranged with 0.30 ×
0.30 m spacing, with a floor area of 2 m2. Planting took place
in March 2012 in a protected cultivation system made of low
plastic tunnels (75 µm) placed 0.80 m above the beds. The
soil bed was also covered with a 30-µm white side plastic
(mulching) with 0.20 m height, 0.64 m length, and 1.00 m
width. Fertigation was applied by the drip irrigation method,
and the recommended cultivation treatments for the culture
were employed. The fruits were harvested manually, at a matu-
ration stage of 75%, in June, August, and October 2012, when
the average temperatures of every month in the external envi-
ronment were 14.83, 16.75, and 19.37 ◦C, respectively.
2.2 Experimental design
For the statistical analysis, an experimental randomized
block design with a split-plot in time was adopted in which
the cultivars were the main plot and the harvest times were the
sub-plot. Thus, the following statistical model was considered
in the uni- and multi-variate analyses:
Yi jk = m + gi + b j + ei j + ck + gcik + di jk,
where Yi jk = observation referring to the k-th harvest, of
block j, of cultivar i; m = overall mean; gi = effect of the culti-
var i (i = 1, 2, ..., I) assumed as fixed; b j = effect of block j (j =
1, 2, ..., J), assumed as random; ei j = effect of the interaction
between cultivar i and block j, assumed as random (error A);
ck = effect of harvest k (k = 1, 2, ..., K), assumed as fixed;
gcik = effect of the interaction between cultivar i and the k-th
harvest, assumed as fixed; and di jk = effect of the interaction
between the k-th harvest, block j, and cultivar i, assumed as
random (error B).
2.3 Physicochemical analyses
Analyses were conducted at the Laboratory of Biomass
Technology of the Cerrado, at Universidade Federal dos
Vales do Jequitinhonha e Mucuri (UFVJM), JK Campus, in
Diamantina-MG. Samples, consisting of 100 g strawberry
from each plot of each cultivar, were ground and packed in
containers. The following physicochemical analyses were per-
formed:
– Moisture (MTR) was determined by drying at 60 ◦C
in a vacuum oven until the material reached a constant
weight [12]. Results are expressed as % wet basis.
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– The pH was measured with a digital pH meter (H/ION
METER 450). After the device was calibrated using a
buffer solution (pH 4.0 and 7.0), the electrodes were in-
serted in the strawberry pulp of each replicate of each treat-
ment [13].
– Soluble solids (SS) were determined by reading on a
portable refractometer (QUÍMIS ISSO-9002), 0−32 ◦Brix
scale [13]. For the previous calibration of the equipment,
a drop of distilled water was deposited into the prism, and
the scale was calibrated to zero.
– Titratable acidity (TA) was determined by titrating the
sample and results were expressed as g citric acid 100 g−1
fresh fruit of strawberry (FW) [13].
– Soluble pectin (SP) content was determined by the tech-
nique described by Cready and Comb [14]. Calorimetric
determination was performed via carbazole reaction, fol-
lowing the technique described by Bitter and Muir [15].
Results were expressed as mg galacturonic acid 100 g−1.
– The total reducing sugars (TRS) were extracted and
measured by the Somogyi-Nelson method, described by
Maldonade et al. [16]. The data was read on a spectropho-
tometer (Shimadzu UV MINI 1240), and the obtained
results were expressed as g 100 g−1.
2.4 Antioxidant measurements
The following analyses of antioxidants were performed:
– Carotenoids (CAR) were evaluated using an isopropyl
alcohol:hexane (3:1) extraction solution according to
AOAC [12]. Results were expressed as µg β-carotene g−1.
– Vitamin C (VTC) content was determined by the colori-
metric method based on reduction of 2,6-dichlorophenol
indophenol sodium salt dye by an acidic solution of ascor-
bic acid, in which, at end of the reaction, ascorbic acid
turns into its oxidized form (dehydroascorbic acid), quanti-
fied in this form [12]. Results were expressed as mg ascor-
bic acid 100 g−1.
– Phenolic compounds (PHN) were extracted according
to Zielinski and Kozlowska [17], and assayed by the
Folin-Denis method, using the calibration curve of tannic
acid. Results were expressed as mg tannic acid 100 g−1.
– Anthocyanins (ANT) were evaluated by the pH differen-
tial method described by Lee et al. [18], in which the sam-
ple was diluted into two distinct pH, as follows: pH 1.0
(chloride buffer 0.025 mol L−1) and pH 4.5 (acetate buffer
0.4 mol L−1). The sample was read on a spectrophotometer
(Shimadzu UV MINI 1240) at two wavelengths (510 nm
and 700 nm), and results were expressed as cyanidin-3-
glucoside mgL−1.
– Flavonoids (FLA) were quantified using the same ex-
tract as that of phenols and quantified by spectrophotom-
etry (Shimadzu UV MINI 1240), using the calibration
curve of pyrocatechol, and quantified according to Zhishen
et al. [19]. Results were expressed as mg pyrocatechol
100 g−1.
– Total antioxidant activity (TAA) was determined by the
iron reduction method described by Firuzi et al. [20].
The antioxidant compounds of the sample were extracted
in 80% methanol and subsequently 70% acetone; the final
volume of the extract was 100 mL. Results were expressed
as µM ferrous sulfate g−1.
After the analysis of variance, when significance was identi-
fied at 5% probability (P < 0.05) by the F-test for the ef-
fects of cultivar, harvest, and interaction (cultivar × harvest),
means were compared by Tukey’s test. In the multivariate sta-
tistical analysis, generalized Mahalanobis distance was esti-
mated for the application of Tocher’s optimization-clustering
method. For better visualization of the existing dissimilarity
among the accessions, the first two canonical variables and the
hierarchical dendrogram were represented graphically by the
UPGMA (Unweighted Pair Group Method with Arithmetic
Mean) method. The uni- and multivariate analyses were per-
formed using GENES genetic-statistical software [21].
3 Results and discussion
3.1 Overall variability observed
The variability among cultivars was found significant for
all evaluated traits (P < 0.05) (table I). The source of vari-
ation harvest time had a significant effect on most traits, e.g.
pH, soluble solids (SS), titratable acidity (TA), soluble pectin
content, total reducing sugar, carotenoids, vitamin C content,
anthocyanins, phenols, and total antioxidant activity. The total
antioxidant capacity is indicative of total vitamin C and pheno-
lic compounds, most of which are represented by flavonoids,
mainly the anthocyanins [4]. Only the traits moisture and
flavonoids were not significant for harvest time as factor of
variation. There was no interaction between harvest time and
cultivars only for the traits soluble solids and total antioxidant
activity, indicating that for these two traits, the cultivars re-
sponded similarly, regardless of the time of harvest.
All traits showed high precision in the evaluation, with
a genotypic coefficient of determination (H2) greater than
80% (table I). This can be explained by the evaluation at
the laboratory, when the measurement errors are small, so
the residual variation is lower. H2 expresses the reliability on
the phenotypic value as a guide for the genetic value [11].
The traits with the highest genotypic coefficient of variation
(GCV) were carotenoids, phenols, anthocyanins, vitamin C,
and flavonoids (table I). GCV expresses the amount of existing
genetic variation; thus, high estimates are desirable in breed-
ing programs, aiming to allow the selection of genotypes of
superior quality over the preexisting genotypes.
The moisture trait had a high and negative correlation
(R2 < −0.8) with the SS, SS:TA ratio, total reducing sugars,
and vitamin C traits (table I). According to Jacques et al. [22],
moisture may be correlated negatively with SS and total re-
ducing sugars due to the concentration of sugars, which is in-
versely proportional to the moisture content. The SS, however,
had a high and positive correlation (R2 > 0.78) with the SS:TA
ratio, total reducing sugars, vitamin C, carotenoids, and total
antioxidant activity. The positive correlation between soluble
solids and total reducing sugars can be explained by the repre-
sentation of the soluble solids in the total sugars [23]. High and
positive correlations (R2 > 0.8) were also observed for some
154 Amanda Goncalves Guimarães et al.: Fruits 71 (2016) 151–160
Ta
bl
e
I.
Si
gn
ifi
ca
n
ce
by
th
e
F
-
te
st
,
ge
no
ty
pi
c
co
effi
ci
en
to
fd
et
er
m
in
at
io
n
(H
2 ),
ge
no
ty
pi
c
co
effi
ci
en
to
fv
ar
ia
tio
n
(G
CV
),a
n
d
co
rr
el
at
io
n
be
tw
ee
n
th
e
ev
al
ua
te
d
tr
ai
ts
in
fru
it
fro
m
di
ff
er
en
t
cu
lti
v
ar
s
o
fs
tr
aw
be
rr
y
at
th
re
e
ha
rv
es
tt
im
es
.
Tr
ai
ts:
m
o
ist
ur
e
(M
TR
),
so
lu
bl
e
so
lid
s
(S
S)
,ti
tra
bl
e
ac
id
ity
(T
A
),
so
lu
bl
e
so
lid
s/
tit
ra
ta
bl
e
ac
id
ity
ra
tio
(S
S:T
A
),
pH
,
to
ta
lr
ed
u
ci
ng
su
ga
rs
(T
R
S)
,
so
lu
bl
e
pe
ct
in
(S
P)
co
n
te
n
t,
v
ita
m
in
C
(V
TC
)c
o
n
te
n
t,
ph
en
ol
ic
s
(P
H
N
),a
n
th
oc
ya
ni
n
s
(A
N
T)
,
ca
ro
te
n
o
id
s(
CA
R
),fl
av
o
n
o
id
s(
FL
A
)a
n
d
to
ta
la
n
tio
x
id
an
ta
ct
iv
ity
(T
A
A
).
Fa
ct
o
r
o
fv
ar
ia
tio
n
H
yp
ot
he
sis
te
st
Tr
ai
ts
M
TR
SS
TA
SS
:T
A
pH
TR
S
SP
V
TC
PH
N
A
N
T
CA
R
FL
A
TA
A
Cu
lti
v
ar
QM
C/
QM
Ea
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
H
ar
v
es
tt
im
e
QM
T/
QM
Eb
n
s
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
n
s
∗∗
Cu
lti
v
ar
×H
ar
ve
st
QM
Cx
T/
QM
Eb
∗
n
s
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
∗∗
n
s
H
2
(%
)
87
.3
5
98
.0
8
91
.9
8
93
.7
6
91
.1
5
99
.2
2
96
.0
4
98
.0
6
99
.6
2
96
.4
9
99
.3
4
96
.4
3
82
.8
5
G
CV
(%
)
1.
35
14
.9
2
7.
61
16
.1
1
5.
23
16
.1
3
7.
71
18
.7
24
.2
4
18
.7
9
33
.1
6
17
.3
4
8.
39
Tr
ai
ts
Ph
en
o
ty
pi
c
co
rr
el
at
io
n
s
M
TR
–
–
0.
89
0.
38
–
0.
83
–
0.
27
–
0.
87
–
0.
31
–
0.
95
–
0.
76
–
0.
06
–
0.
70
–
0.
70
–
0.
59
SS
–
0.
89
–
–
0.
15
0.
80
0.
28
0.
92
0.
49
0.
78
0.
62
–
0.
09
0.
83
0.
73
0.
80
TA
0.
38
–
0.
15
–
–
0.
68
–
0.
51
–
0.
20
0.
18
–
0.
52
–
0.
43
–
0.
52
–
0.
13
–
0.
36
–
0.
20
SS
:T
A
–
0.
83
0.
80
–
0.
68
–
0.
41
0.
78
0.
35
0.
79
0.
66
0.
23
0.
58
0.
68
0.
65
pH
–
0.
27
0.
28
–
0.
51
0.
41
–
0.
36
–
0.
17
0.
37
0.
45
0.
51
0.
60
0.
48
0.
67
TR
S
–
0.
87
0.
92
–
0.
20
0.
78
0.
36
–
0.
31
0.
79
0.
77
0.
24
0.
72
0.
51
0.
70
SP
–
0.
31
0.
49
0.
18
0.
35
–
0.
17
0.
31
–
0.
07
0.
19
–
0.
29
0.
23
0.
27
0.
35
V
TC
–
0.
95
0.
78
–
0.
52
0.
79
0.
37
0.
79
0.
07
–
0.
81
0.
21
0.
71
0.
66
0.
57
PH
N
–
0.
76
0.
62
–
0.
43
0.
66
0.
45
0.
77
0.
19
0.
81
–
0.
62
0.
61
0.
28
0.
56
A
N
T
–
0.
06
–
0.
09
–
0.
52
0.
23
0.
51
0.
24
–
0.
29
0.
21
0.
62
–
0.
02
–
0.
31
0.
11
CA
R
–
0.
70
0.
83
–
0.
13
0.
58
0.
60
0.
72
0.
23
0.
71
0.
61
0.
02
–
0.
75
0.
94
FL
A
–
0.
70
0.
73
–
0.
36
0.
68
0.
48
0.
51
0.
27
0.
66
0.
28
–
0.
31
0.
75
–
0.
70
TA
A
–
0.
59
0.
80
–
0.
20
0.
65
0.
67
0.
70
0.
35
0.
57
0.
56
0.
11
0.
94
0.
70
–
–
∗∗
,
∗
an
d
n
s :
sig
n
ifi
ca
n
ta
t1
%
,
5%
,
an
d
n
o
ts
ig
n
ifi
ca
n
ta
t5
%
pr
o
ba
bi
lit
y
(F
-
te
st
).
Amanda Goncalves Guimarães et al.: Fruits 71 (2016) 151–160 155
analyses of antioxidant character, e.g., vitamin C with phenols,
and carotenoids with total antioxidant activity, since vitamin C
is one of the main factors responsible for the antioxidant activ-
ity, as also are the phenolic compounds [24].
Surprisingly, the correlation between the total antioxidant
activity (TAA) and anthocyanins (ANT) was low, as ANT con-
tributed to TAA [4]. This may be explained by the fact that
these two traits behave in an opposite manner, with regard to
fruit maturation. The anthocyanin content is accumulated in
the fruit red stage, whereas the antioxidant capacity may vary
during the maturation stage; in the majority of cases, green
fruits have higher levels of this component than ripe fruits [3].
The study of the existing associations between the traits is im-
portant, as it allows for inferences on the consequence that se-
lection for one trait may have on the others, and also indicates
the viability of indirect selection when the trait of main interest
is hard to measure or has a low heritability.
3.2 Variability due to harvesting times
The trait moisture was not significantly affected by
the source of variation time of harvest (table II), averag-
ing 89.80%. Moisture is related to the stability, quality, and
composition of the fruit [22]. In a work with different straw-
berry cultivars in the same region in the 2010 crop [10], an av-
erage moisture value slightly higher than those of the present
study were found: 92.70%. In the current study, the cultivars
whose fruits showed the highest average moistures were ‘Aro-
mas’ (91.10%), ‘Diamante’ (91.29%), and ‘Dover’ (91.36%),
differing from cvs Toyonoka and Campinas. Moisture con-
tents obtained in our study corroborate those found in differ-
ent cultivars in the region of Atibaia-SP by Pinto et al. [25],
who observed higher values for cvs Camarosa (91%), Dover
(89%), and Oso Grande (90.6%), but a similar moisture con-
tent (87.9%) in the cv. Toyonoka.
The pH has a great importance in the physicochemical, bi-
ological, and sensory traits and, together with titratable acidity,
it is one of the most important properties in the acid balance
of wine [26]. The strawberries harvested in June and August
showed the highest pH levels: 3.27 and 3.38, respectively.
‘Camarosa’ had the highest average pH value, 3.39, and in the
study of Guimarães et al. [10] in Datas-MG, the 2011 harvest
for cv. Camarosa had slightly larger pH values (3.49). These
different values in same regions may be related to physiologi-
cal factors and to soil-climatic conditions such as temperature
and precipitation [1, 8].
Regarding acidity, cv. ‘Aromas’ and ‘Diamante’ produced
more acid fruit (0.67 g citric acid 100 g−1). The acidity due to
organic acids is an important characteristic as regards taste and
aroma of many fruits [27]. Fruits were more acid in October
(0.69 g citric acid 100 g−1). In the experiments of Mangarim
et al. [28], with cv. Camarosa, in Pelotas-RS, the authors found
acidity values similar to those in the present experiment with
the same cultivar: 0.60 g citric acid 100 g−1. Soluble solids
(SS) are one of the attributes of quality in terms of flavor,
as it indicates the amount of sugars present in the fruit [29].
‘Toyonoka’ had fruits with the highest soluble solid content
(8.68 ◦Brix); this cultivar also showed the lowest amount of
water, which might have led to a greater concentration of solu-
ble solids. In the comparison of means of the harvest times,
the results showed that when the fruit was collected in the
hotter months (August and October), there was an elevation
in SS. Several factors may influence SS, varying between
species, cultivars, maturation stages, and climate [27]. The
highest SS:TA ratio was observed in August (15.09), as that
was the month in which fruits were most acid (0.47), causing
the SS:TA ratio to be higher, since they are inversely propor-
tional. The cultivars that showed the best ratio, on average,
were: ‘Toyonoka’ (13.79) and ‘Festival’ (13.94), not differing
from ‘Camarosa’ (13.43) and ‘Campinas’ (12.65). When this
ratio is too low, the product loses quality [27].
The total reducing sugars are among the main soluble com-
ponents of strawberry, and they work as sources of energy
for metabolic transformations [27]. The cultivars that showed
the greatest amounts of total reducing sugars were ‘Toyonoka’
(6.84 g 100 g−1), ‘Festival’ (6.52 g 100 g−1), and ‘Camarosa’
(6.32 g 100 g−1). These contents were higher in the months of
August and October, both with 5.91 g 100 g−1. This influence
may be a result of the increase in temperature and light inten-
sity, which favor the accumulation of sugar in the fruit. The
soluble pectin is a polysaccharide resulting from the partial
hydrolysis of the insoluble protopectin that constitutes the cell
wall, and it is responsible for changes in texture of fruit and
vegetables [30]. The highest values for soluble pectin content
were found in ‘Toyonoka’, ‘Dover’ and ‘Campinas’, indicat-
ing less firmness of the fruit as compared with cvs Camarosa,
Diamante, Festival, and Oso Grande. This reduced firmness
may be the result of transformations that take place during
fruit ripening, which releases calcium and solubilizes the pro-
topectin of the cell walls via enzymatic activity, leading to loss
of firmness, thus adversely affecting their postharvest preser-
vation [27].
In the comparison of harvest times, the fruits harvested
in October had greater levels of vitamin C, phenols, antho-
cyanins, and carotenoids (table III), possibly as a result of the
temperature increase [8]. Vitamin C is important in the devel-
opment and regeneration of muscles, teeth, and bones, and in
the formation of collagen, besides antioxidant benefits that re-
duce the risk of cardiovascular and pulmonary disease [30].
The greatest contents of vitamin C (mg ascorbic acid 100 g−1)
were found in ‘Camarosa’ (76.36), ‘Campinas’ (75.95), ‘Fes-
tival’ (76.69), ‘Oso Grande’ (79.39), and ‘Toyonoka’ (83.77).
In a study conducted in Lavras-MG with different strawberry
cultivars [32], similar values were found for cv. Camarosa and
lower values for cv. Toyonoka.
3.3 Variability in antioxidant compounds
Phenols play an important role in the processes of inhi-
bition of risk of cardiovascular diseases, and they can work
on the oxidative stress related to several chronic-degenerative
pathologies such as diabetes, cancer, and inflammatory pro-
cesses [33]. ‘Camarosa’ (243.63 mg tannic acid 100 g−1) had
a higher PHN content, but did not differ from ‘Campinas’
(230.89 mg tannic acid 100 g−1) and ‘Festival’ (231.64 mg
tannic acid 100 g−1). The fruits harvested in October displayed
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Figure 1. Dendrogram illustrating the dissimilarity pattern obtained by UPGMA’s method, (a) based on Mahalanobis distance and, (b) graphic
dispersion of scores relative to the first two canonical variables for eight cultivars of strawberry.
higher values for phenolic compounds, which may be related
to the temperature increase [1, 8]. Rocha et al. [32], in ex-
periments conducted in Lavras-MG with ‘Toyonoka’, found
values near those found in this study for phenol compounds:
217.14 mg tannic acid 100 g−1.
In addition to playing a part in fruit color, anthocyanin
pigments have antioxidant properties which participate in the
prevention of hyperglycemia and reduction of risk of car-
diovascular disease. Studies also indicate that they can in-
hibit the proliferation of cancer cells [34]. The cultivar that
showed the greatest content of anthocyanin was Toyonoka
(33.71 mg cyanidin-3-glucoside 100 g−1), not differing from
cvs Festival (32.36 mg cyanidin-3-glucoside 100 g−1) and Ca-
marosa (29.41 mg cyanidin-3-glucoside 100 g−1) (table III).
In studies conducted in Bordignon Junior et al. [35] found
close values for anthocyanins in the cv. Camarosa at pH 7:
22.16 mg cyanidin-3-glucoside 100 g−1. In addition to pro-
moting the activity of provitamin A, carotenoids develop other
activities in the physiological system and are associated with
protection against chronic-degenerative diseases [36]. Culti-
vars Toyonoka and Camarosa contained the highest amount of
carotenoids: 15.81 and 14.56 µg β-carotene g−1, respectively.
Severo et al. [37], in experiments with cultivar Aromas, origi-
nating from Flores da Cunha-RS, found lower mean carotenoid
contents than the present study with the same cultivar: 6 µg
ß-carotene g−1.
Flavonoids have antioxidant activity; antimicrobial, anti-
allergic, and antihypertensive properties; and can inhibit the
activities of some physiologic enzymes and receptors [38].
No differences were observed between the harvest times for
flavonoids which averaged 22.58 mg pyrocatechol 100 g−1 (ta-
ble III). In a work with different strawberry cultivars in the
same region in the 2010 crop, [10] obtained a lower average
flavonoid content (15.81 mg pyrocatechol 100 g−1) than that
found in the present study. The cultivar with the highest level
was ‘Toyonoka’ (29.11 mg pyrocatechol 100 g−1), which did
not differ from ‘Camarosa’ (26.15 mg pyrocatechol 100 g−1).
For total antioxidant activity, ‘Camarosa’ presented the high-
est value (32.74 µM ferrous sulfate g−1) but did not differ
from ‘Toyonoka’ (32.53 µM ferrous sulfate g−1) and ‘Festival’
(28.30 µM ferrous sulfate g−1). Pineli et al. [39] conducted
a study with cv. Oso Grande in Brazilândia-DF and obtained
higher antioxidant levels with the same cultivar (34.30 µM
ferrous sulfate g−1) as in the present study. In the comparison
of harvest periods, October had the highest antioxidant activity
(32.03 µM ferrous sulfate g−1), which may be due to the higher
temperatures in that month [40].
3.4 Genetic dissimilarity between cultivars
In the multivariate analysis, four groups were formed
by Tocher’s clustering method: the first comprised the cvs
Campinas, Festival and Camarosa; the second contained the
cvs Aromas and Oso Grande; the third, the cvs Diamante and
Dover; and the last group was formed by ‘Toyonoka’. In the
dendrogram (figure 1a), this same clustering trend was ob-
served when considering a cutoff of 35%. The first group com-
prised cultivars with similar results for the traits SS, SS:TA,
vitamin C, anthocyanins, and phenols. The second included
cultivars with close results for phenols and carotenoids. The
third group, which had a greater combination of antioxidant
properties (vitamin C, phenolic, anthocyanins, carotenoids and
flavonoids), had a greater contribution. The last group, formed
by a single cultivar, differed from the others mainly in the traits
total pectin and soluble solids.
The graphic dispersion of the scores of the first two canoni-
cal variables (figure 1b) also demonstrates that these same four
clusters can be formed, but it is more visible than ‘Diamante’
and ‘Dover’, despite being part of the same group, show
greater dissimilarity between each other, indicating greater
intra-group distance. According to Azevedo et al. [11], it is
important to compare the results of several multivariate anal-
ysis techniques, which makes it possible to better evaluate the
divergence, thus allowing for a more precise interpretation of
results. Also according to these authors, in addition to con-
sidering the performance of cultivars per se, genetic diver-
sity should be taken into account in the selection of parents
for breeding programs, thereby providing a higher mean and
greater variability of the progenies.
Thus, based on fruit quality and genetic dissimilarity, the
crossing between ‘Toyonoka’ and ‘Camarosa’ or ‘Festival’
may enable the generation of progenies with desirable qual-
ity and high genetic variability. In the studies of Guimarães
et al. [41], at this same time of the year and region, these
cultivars were evaluated as to agronomic traits, and it was
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found that cvs Camarosa and Festival were the most produc-
tive, demonstrating their importance as parents in breeding
programs.
4 Conclusion
The present study showed a clear genetic variability and
a predominance of genetic factors over environmental effects
for the traits assessed in strawberry grown in the state of Minas
Gerais, Brazil. The strawberry harvested at the end of the crop
cycle (October) produced the greatest amounts of total re-
ducing sugars, vitamin C, phenols, anthocyanins, carotenoids,
soluble solids, and total antioxidant activity. The cultivars
Camarosa, Festival, and Toyonoka had the best fruit quality.
These performances indicate the cross between ‘Toyonoka’
and ‘Camarosa’ or ‘Festival’ for the genetic breeding of straw-
berry for cultivation in the city of Datas-MG, Brazil, and in
other regions with similar soil-climatic conditions.
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